DEVICE FOR APPLYING A CABLE ONTO A ROTATING SURFACE 

BACKGROUND AND SUMMARY OF THE INVENTION 

[001] The invention concerns a device for applying a cable onto a rotating receiving surface, 
in particular for the manufacture of tires. 

[002] The benefit of incorporating annular reinforcement in tires, that can be used all around 
their circumference, such as a carcass reinforcement, was demonstrated a long time ago. Such 
reinforcement can in particular consist of a ply comprising cables wrapped radially on the tire 
carcass; this ply is currently referred to in the vulcanized tire as the "zero-degree ply." 

[003] Here, the term 'cable' means one or more textile or metallic cords; said cord or cords, 
moreover, can be coated with a raw or cured rubber mixture. 

[004] Metallic cords in particular are used to make the zero-degree ply in certain tires such as 
those designed for heavy loads. Now, during the vulcanization of the uncured tires, the tires 
undergo a shaping process in the vulcanization mould which must be taken into account for the 
final structure of the tires. It is clear that the use of metallic cables for zero-degree plies 
involves great difficulties, since the rigidity of these cables does not allow them to elongate 
during shaping in the mould. 

[005] Various solutions have been considered for overcoming this problem. One solution was 
to use subdivided metallic cables. Zero-degree plies made in that way can conform to the 
elongation to which the tire is subjected during vulcanization. Such plies, however, constitute 
zones in the vulcanized tire which are more susceptible to oxidation because of the cuts 
between the different sections of the cable. This solution is therefore unsatisfactory. 

[006] Other solutions have been proposed, which relate to the nature of the metallic cables. 
For example, the use of bi-elastic metal cords makes it possible to achieve a compromise 
between the rigidity and elongation properties of the uncured ply obtained. Although 
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interesting, such a solution entails considerable modifications in the desired uncured and 
vulcanized structures of the tires, to compensate for the lower rigidity of the vulcanized zero- 
degree ply obtained, such as the presence of an additional ply, modifications of the rubber 
mixtures, etc. 

[007] Finally, a third approach was to modify the positioning of unvulcanized products so as 
to obtain desired structures after vulcanization. This led to the idea of positioning the cables in 
an undulating shape in the unvulcanized tire, so that they will be arranged radially in the 
vulcanized tire by virtue of the shaping that takes place in the vulcanization mould. 

[008] This intelligent solution, however, still presents difficulties in being put into practice. 

[009] In effect, the unvulcanized tire has been built up on a cylindrical or slightly curved 
drum, while the vulcanized tire emerging from the vulcanizing mould is more markedly curved 
compared with its initial shape. Consequently, during shaping, the deformations undergone by 
the tire will be much larger at the crown of said tire than at its shoulders. It is therefore 
necessary to be able, in an industrial operation, to position a cable sinusoidally with different 
undulations, or even different periods, according to its radial position so that the ply produced 
will have cords orientated radially whatever its radial position near the crown or the shoulders. 

[010] European Patent Publication EP-0 724 949 describes a device for applying textile or 
metallic cords on a rotating surface with sinusoidal undulations. Such positioning may be 
achieved by means designed to displace the cords in transverse translation relative to their feed 
direction, the amplitude and period of the sinusoid being regulated by measuring and regulating 
the rotation speeds of the positioning surface, the element feeding the cords, and the control of 
the displacement means. However, said displacement means consist of a cord feeder that can 
be moved in the transverse direction, actuated by a motor via a connecting rod attached to a 
motorized wheel. \ 

[01 1] In practice, this means that since the rotation speed of the positioning surface is fixed, to 
modify the undulation amplitude of the cords on that surface continuously the speed of the 
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element feeding the cords must be varied in order to modify the quantity of cord fed in and the 
position of the connecting rod relative to the wheel must be varied in order to synchronize the 
amplitude modification of the undulations produced. It seems difficult to achieve this last 
modification continuously. Moreover, it is clear that as a function of the sinusoid desired, the 
positioning speed too must be limited so as not to disturb the motorized movement of the cord 
feeder. 



[01 2] The aim of the invention is to overcome this combination of difficulties. 

[013] According to the invention, the device for applying at least one cable onto a rotating 
receiving surface having a linear surface speed V2 comprises a body with means for feeding 

^ the cable that comprise at least one rotatable capstan producing a cable linear speed VI , means 

y3j to displace the cable transversely relative to the receiving surface and means to position the 
cable on said receiving surface, characterized in that the amplitude of the transverse 
displacement of the means to displace the cable transversely is controlled directly as a function 

CP of the ratio between the speeds VI and V2, and said amplitude can be modified continuously 

~" during the positioning of the cable. 

RJ [014] Thus, said control enables continuous modification of the amplitude of the sinusoid 

SJ 

p formed, but above all it enables very high cable positioning speeds to be achieved. 

[015] The objective of the invention is accordingly a device for applying at least one cable 
onto a rotating receiving surface having a linear surface speed V2, with means to feed the cable 
that comprise at least one capstan revolving to produce a cable linear speed VI, means to 
displace the cable transversely relative to the receiving surface, and means to position the cable 
on said receiving surface, characterized in that the means to displace the cable transversely 
effect said displacement by the combination of a rotary movement about an axis perpendicular 
to the cable travel direction with a pivoting movement in a plane containing the axis of said 
rotation, the extent of pivoting being determined by the ratio between the speeds VI and V2. 
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[016] The invention also relates to a process for applying at least one cable onto a rotating 
receiving surface, in particular during the manufacture of tires, which comprises the following 
stages: 

[01 T\ a cable is fed in a direction essentially perpendicular to the rotation axis of the receiving 
surface; 

[01 8] the cable is displaced transversely to said surface to produce undulations on the latter; 
and, 

[01 9] the cable is positioned on said receiving surface, 

[020] characterized in that the transverse displacement of the cable is obtained by the 
^ combination of a rotary movement about an axis perpendicular to the cable travel direction with 
C! a pivoting movement in a plane containing the axis of said rotation, the extent of pivoting being 
tQ determined by the quantity of cable fed per revolution of the receiving surface. 

m BRIEF DESCRIPTION OF THE DRAWINGS 

[021] Other characteristics and advantages of the invention will emerge on reading the 

py description of an example embodiment of a device according to the invention for applying a 

SI 

j=i cable, which refers to the drawing in which: 

[022] Fig. 1 shows a schematic view of a lateral elevation of the application device according 
to the invention 

[023] Fig. 2 shows a partial section of the application device along the line II in Fig. 1 

[024] Fig. 3 shows a partial view from below, of the application device along the arrow F in 
Fig. 1 

[025] Figs. 4A to 4D shows schematic views of the application device in Fig. 3, illustrating its 
different operating phases. 
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DETAILED DESCRIPTION 



B 



[026] In Fig. 1 the device 1 for applying a cable onto a rotating receiving surface 2 comprises 
a body 5, the cable being applied on the receiving surface 2 in a direction essentially 
perpendicular to the rotation axis of said surface and tangentially to it. The rotating receiving 
surface 2 has a controlled linear surface speed which will be designated as V2. 

[027] In what follows, 'cable travel direction' will mean the direction essentially 
perpendicular to the rotation axis of the receiving, surface 2. 

[028] Referring also to Fig. 2 and Fig. 3, the body 5 comprises means 10 to feed the cable in a 
direction perpendicular to the rotation axis of the receiving surface, means 20, 30 to displace 
said cable transversely, and finally, means 40 to position the cable on the receiving surface 2, 
these various devices acting in succession to apply the cable on the receiving surface 2 with the 
desired undulations. 

[029] The feeding means 10 comprise at least one cable infeed pulley 12 supplied from a 
supply reel (not shown). The rotation axis of the pulley 12 is in this case parallel to that of the 
receiving surface 2. This allows the supply reel easily to supply a capstan 1 1 whose axis XX' is 
perpendicular to that of the roller 12. Thus, on leaving the capstan 11 the cable emerges 
essentially in its travel direction and passes into the means 20, 30 for displacing said cable 
transversely. 



[030] The capstan 1 1 is motorized with the aid of a motor 13, via a transmission belt 14, with 
a rotation speed which produces a linear cable speed designated as VI. Control of the cable 
speed VI in synchronism with the surface speed V2 of the receiving surface 2 makes it possible 
to determine the quantity of cable fed onto the rotating surface 2 per revolution of the latter. 

[031] The displacement means 20, 30 are shown more particularly in Figs. 2 and 3, and 
comprise a guiding head 20 that co-operates with the means 30 in the body 5. 
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[032] The guiding head 20 comprises a connecting rod 21 perpendicular to the rotation axis 
XX' of the capstan, which has on its face 210 facing towards the outside of the application 
device 1 two guide rollers 22 and 23 whose axes are perpendicular to said connecting rod and 
which are mounted to rotate freely relative to the latter. 

[033] Each guide roller 22, 23 has a central groove 221, 231 to receive the cable delivered by 
the capstan 11. To facilitate the guiding of the cable and accompany it in its transverse 
displacement, the two guide rollers 22 and 23 are eccentric relative to the center of the face of 
the connecting rod 21 such that they are tangential to the line extending in the cable travel 
direction and passing through the center of the connecting rod, and are offset from one another 
in that direction. Although this arrangement is advantageous, it is also quite possible to 
imagine the two rollers arranged with no mutual offset. 

jjjj [034] Spindles 24 and 25 with mutually parallel axes are mounted to rotate in the ends 21 1 
y j and 212 of the connecting rod 21 via a ball bearing 26, the axes of the spindles 24 and 25 being 
OH perpendicular to said connecting rod 2 1 . 

5 - i 

yj 

H [035] At the openings of the connecting rod 21 emerging on the inside of the connecting rod 
ry relative to the application device, these spindles 24 and 25 have, respectively, caps 241, 251 . 

"IS 

M 1 [036] The displacement means 30 comprise two mutually parallel spindles 3 1 and 32 which 
are perpendicular to the axis XX', in other words perpendicular to the cable travel direction, 
which rotate in ball bearings 33 mounted in the body 5 and are driven by a common motor (not 
shown) connected respectively to a drive pulley 36, 37 for each spindle by one and the same 
transmission belt 35. 

[037] At the openings of the body 5 facing the guiding head 20, the spindles 3 1 and 32 are 
extended respectively by caps 311 and 321, these caps 31 1, 321 being connected respectively to 
the caps 221 and 231 by mutually parallel levers 27 and 28, which ensure the transmission of 
the motorization to the spindles 24 and 25. 
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[038] The rotation speed of the spindles 3 1 , 32, 24 and 25 will be designated as V3. 



[039] As the cable is passing, the rotation of the spindles 31 and 32 makes it possible to 
alternate the positions of the levers 27 and 28. In effect, the pivoting of the levers 27 and 28 
about their axis fixed to the caps 311 and 321 enables the connecting rod 21 to be decentralized 
relative to the spindles 31 and 32. Thus, viewed in projection on a plane parallel to the 
connecting rod, the center of the connecting rod 21 describes an ellipse during this rotation. 

[040] In addition, the body 5 has on its face parallel to the connecting rod 2 1 an electromagnet 
38 that exerts a restoring force on the rod 21 to compensate the force of gravity. 

[041] The means 40 for positioning the cable on the receiving surface 2 comprise a 
positioning roller 41 that turns freely about its rotation axis Z-Z', whose external revolution 
surface 410 is in contact with the receiving surface 2 so that the cable passes between said 
revolution surface and the receiving surface. This positioning roller 41 is located near the two 
guide rollers 22 and 23 so that it receives the cable coming from those rollers. 

[042] An arm 42 carries the positioning roller 41 at one of its ends 420, while the other end 
421 of the arm is fixed by means of a support 43 on the body 5, said support being mounted to 
pivot on an elastic joint 45 on the body 5 to guarantee that the cable is applied onto the rotating 
surface 2 under some force. 



[043] In what follows, the operation of the application device during the production of a 
period of a cable sinusoid will be described briefly, with reference to Figs. 3 and 4A to 4D. 

[044] As a preamble to this description it should be noted that at a given surface speed V2 of 
the receiving surface 2, adjustment of the cable feed speed VI enables the quantity of cable fed 
in per revolution of the surface 2 to be regulated. Besides, in the absence of the cable, since the 
spindles 31 and 32 are rotating, the electromagnet 38 holds the connecting rod 21 with a fixed 
position of the levers 27 and 28 relative to the caps 311 and 321, and when viewed in 
projection on a plane parallel to the rod, the center of the rod will then describe a circle. 
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[045] When the cable is present, and for a speed VI = V2, the cable is positioned in a straight 
line. When the cable feed speed VI is higher than the surface speed V2 of the rotating surface, 
the cable acts upon the rod by exerting a thrust which causes the levers 27 and 28 to pivot, and 
the rotation of the spindles 3 1 and 32 leads to alternation of the position of the levers then again 
the thrust of the cable acts. Thus, when VI is higher than V2, the rotation speed V3 of the 
spindles enables the alternation of the levers 27 and 28 per revolution of the surface 2 to be 
determined, and so the period of the undulations formed by the cable on said surface. The 
amplitude of these undulations is obtained directly by the quantity of cable fed in per revolution 
of the surface 2, since it is this quantity which, by "pushing" the connecting rod 21, determines 
the angle of inclination of the levers 27 and 28. 

[046] Thus, to achieve easy modification of the undulation amplitude of the cable on the 
receiving surface 2 so as to obtain amplitudes that vary continuously according to the radial 
position of the cable, as explained at the beginning of the text, it suffices to modify the quantity 
of cable fed in per revolution of the surface 2 and hence the speed VI. The amplitude of the 
undulations will adjust itself automatically, as explained above. The system is thus very simple 
to adapt to the desired undulation modifications. 

[047] It is important to take the nature of the cable into account. In effect, as was said earlier, 
the cable acts as a thrust element on the connecting rod 21 and must therefore have a certain 
rigidity that enables it to perform that function. This rigidity is easily obtained when a metallic 
cable is chosen. In the case of a textile cable it becomes necessary to increase the force of the 
electromagnet so that the latter will play a greater part and it will be the magnet, and no longer 
the cable, which brings about a change in the direction of the connecting rod 21 in the 
transverse direction. 

[048] Figs. 4A to 4D now illustrate the movements of the rod 21 to produce an undulation 
period P of a cable C with amplitude A. 
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[049] The symbols X", Y", and Z" denote the trigonometric axes with the center of the 
positioning roller 41 as the origin, Z" being parallel to the rotation axis of the capstan 1 1, the 
trigonometric orientation is taken into account. 

[050] In Fig. 4A the levers 27 and 28 have angular position equal to zero, meaning that the 
spindles 32 and 3 1 are respectively aligned with the spindles 24 and 25, and the position of the 
cable at the center of the roller 41 corresponds to the co-ordinate X" = 0. This is the beginning 
of the period. 

[051] In Fig. 4B the spindles 31 and 32 have turned through 90°, the levers 27 and 28 are 
therefore in one of the two extreme positions to which the rod 2 1 can move, and the position of 
^ the cable corresponds to X" = A/2. 

/3 [052] In Fig. 4C the cable is again in a position X" = 0, the spindles 3 1 and 32 having turned 
Hi through 180° so that the levers 27 and 28 have returned to their position in which the spindles 

yj 

Dn 31,32 and 25, 24 are aligned. 

w 

a 

^ [053] Finally, in Fig. 4D the spindles 3 1 and 32 have turned through 270° and the levers 27 

fy and 28 are in the second "extreme" position of the rod 21, in other words at the opposite end 

Sj 

relative to the axis Y'Y compared with their position shown in Fig. 4B. 

[054] These figures clearly illustrate the manner in which the movements of the rod 21 control 
the undulations of the cable on the surface 2. 
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